were collected on land from the landings of two different, although contiguous, fishing grounds exploited by the bottom trawl fisheries of the two fishing harbours of Terrasini and Porticello, located on the north-western coast of Sicily. Carapace length (CL) of the female and male deep-water rose shrimp in Terrasini ranged from 9 to 32 mm and 13 to 26 mm, respectively, whereas in Porticello the length ranged from 8 to 31 mm and 13 to 26 mm, respectively. The Von Bertalanffy Growth Function parameters for Terrasini females and males were CL ∞ = 38.5 mm, K = 0.65 year −1 and CL ∞ = 32.5 mm, K = 0.85 year −1 , respectively. For Porticello females and males, the parameters were CL ∞ = 40 mm, K = 0.60 year −1 and CL ∞ = 30 mm, K = 0.76 year −1 , respectively. Analysis of maturity stages indicates that the deep-water rose shrimp is an asynchronous batch of almost continuous spawners, although one to two peaks of activity can be detected. In both fishing areas, the reproductive phase peaked twice, once in January and again from August to September. The sizes at first maturity (CL 50% ) were 27.8 and 26.6 mm CL for Terrasini and Porticello, respectively. . L'analisi della maturità gonadica ha evidenziato che in ogni mese e in entrambe le marinerie gli individui presentavano tutti gli stadi di maturità con due picchi riproduttivi coincidenti con il mese di Gennaio e con quelli di Agosto-Settembre. La taglia di prima maturità (CL 50% ) è risultata di 27,8 and 26,6 mm LC per Terrasini e Porticello.
INTRODUCTION
The deep-water rose shrimp, Parapenaeus longirostris (Lucas, 1846) is an epibenthic decapod crustacean with a wide geographical distribution from the eastern Atlantic to the Mediterranean Sea (Holthuis, 1987) . In the Mediterranean, it is more abundant in the sandy-muddy depths between 100 and 400 m (Fischer et al., 1987; Holthuis, 1987) , although its depth range is between 20 and 900 m (Tom et al., 1988; Politou et al., 2005) . The bathymetric distribution of the deepwater rose shrimp is a matter of discussion, with several authors reporting a sizedependent bathymetric distribution, with adults deeper than juveniles (Froglia, 1982; Mori et al., 1986; Ardizzone et al., 1990) , although the occurrence of "adults" is also reported from the outer shelf, and conversely, the presence of recruits (<15 mm) and juveniles in the epi-bathyal layer (Politou et al., 2000; Rinelli et al., 2004 Rinelli et al., , 2005 Bilgin et al., 2009; Kapiris et al., 2013) .
The high economic importance of this species, often fundamental in the market of several fishing fleets in the Mediterranean Sea (CBI, 2010), and its high exploitation level recorded in some fishing grounds of the Mediterranean, have led to increased interest in this species and development of several national (Relini, 2000) and international scientific research programmes (Relini et al., 2008) . In fact, this shrimp is exploited in several fishing grounds all over its geographical range, with a large fishing fleet exploiting this resource in Italian, Spanish, Greek and Tunisian waters. In Italian waters, deep-water rose shrimp are most abundant in the Sicilian Channel and the Ionian Sea. Conversely, they are found in much lower densities in the Ligurian Sea and in the northern part of the Adriatic Sea (Levi et al., 1995; Abellò et al., 2002) . In particular, the Expert Working Group (EWG) on assessment of Mediterranean Sea stocks reported on the state of the deep-water rose shrimp stock in the South Tyrrhenian Sea (Geographical Sub-Area, GSA 10 of the General Fisheries Commission for the Mediterranean, GFCM) highlighting that "the absence of proposed and agreed precautionary management references, EWG 13-09 is unable to fully evaluate the status of stock spawning biomass. Survey indices indicate a variable pattern of abundance (n/h) and biomass (kg/h) that was increasing in the last years" (STECF 13-22, 2013).
During the last two decades, many aspects of both life history traits and fishery patterns have been investigated (Relini, 2000; Sobrino et al., 2005; Sobrino & Garcia, 2007; Lo Brutto et al., 2013) . However, to date some aspects on the biology of this species are still open and a thorough discussion is needed to understand to what extent the stock evolution is influenced by environmental factors, both on a local (currents, temperature, etc.) and mesoscale (e.g., North Atlantic Oscillation, NAO). In fact, it appears that salinity and temperature along the Atlantic coast (Benchoucha et al., 2008) influence the spawning and catch and that, probably, in the Mediterranean Sea the differences in growth parameters and reproduction period present a possible geographical gradient. According to Arculeo et al. (1995 and references therein) , Mura & Cau (1989), and Margalef (1985) , some differences in reproductive behaviour in the Mediterranean populations of the deep sea blue and red shrimp, Aristeus antennatus (Risso, 1816) , are linked to the adaptive flexibility of the Mediterranean benthos; this hypothesis may be applicable to Parapenaeus longirostris as well, although this species occurs at lesser depths. Anyway, it is important to emphasize that the Mediterranean Sea is a semi-enclosed basin, warmer (only slight variation in temperature below the thermocline), saltier (also due to human activities such as the Nile damming) and, at least until some decades ago, very poor in nutrients (especially the eastern sector). Consequently, the dynamics of Mediterranean demersal crustaceans are open to discussion, since some authors maintain that it is more influenced by environmental fluctuations (for example, Abelló et al., 1988; Ungaro & Gramolini, 2006) than fisheries activity (Sbrana et al., 2003; Ligas et al., 2011) .
The main objective of the current study was to characterize growth parameters and reproduction trends computed during an occasional (one year) monitoring program and to gather spatial information which can be used within the "local management plans" recently implemented along the Sicilian coast (Regulation EC No. 1198 /2006 .
MATERIAL AND METHODS
From June 2006 to May 2007, monthly samples of deep-water rose shrimp were collected or purchased on land from the landings of two different, although contiguous, fishing grounds, exploited by the bottom trawl fisheries of the two fishing harbours of Terrasini and Porticello, located on the north-western coast of Sicily, GSA 10 ( fig. 1 ). In general, GSA 10 has a high variety of biocenosis (sensu Peres & Picard, 1964) with an area close to bottom trawling that amounts to approximately 20% of the total area comprised between the bathymetric of 10 and 800 m. In particular, the northern coast of Sicily is characterized by a steep upper slope that reaches an average depth of 500 m between 4 and 15 km from the coast (Spedicato et al., 1998) . The trawl fleet of Terrasini works in the Castellammare Gulf, where until 1994 almost all the shelf and part of the epibathyal (200-500 m) of the Gulf was (at least nominally) permanently closed to bottom trawling (Rinelli et al., 2004) , whereas the trawl fleet of Porticello works in the Palermo and Termini Imerese gulfs. The fishing capacity of Porticello is greater than that of Terrasini; in detail, Porticello has 76 trawlers with a mean gross tonnage of 26.61 (20.95 SD), while Terrasini has 11 trawlers with a mean gross tonnage of 71.60 (25.59 SD). Both fleets use the same mesh size (40 mm diamond) at the cod ends of the nets, and operate at the same depth (between 100 and 400 m), with the fishing ground of Porticello about twice the size of the fishing ground of Terrasini. Parapenaeus longirostris specimens were sexed and both carapace length (CL) and weight were recorded. CL was measured from the posterior margin of the orbit to the posterior edge of the carapace (0.1 mm); wet weight (0.1 g) was determined with a technical balance. The relationship between size and weight for each sex was determined by the following non-linear equation (Keys, 1928) :
where W is the weight in g, CL is the cephalothoracic length in mm and b is the coefficient of allometry.
The special VBGF (Von Bertalanffy Growth Function) was used to estimate growth parameters using the Electronic Length Frequency Analysis I (ELEFAN I) function, by monthly data, included in FISAT II software (Gayanilo et al., 2005) . The initial value of CL ∞ was computed according to the relationship obtained by Taylor (1962) . Length-frequency Distributions (LFD) for both sexes were used to estimate modal class values using the Bhattacharya method. Each well-separated modal component, with a separation index (SI) > 2, was assumed to be a single cohort. Frequency distributions at both fishing grounds were compared by sex. A Mann-Whitney U -test and a Kolmogorov-Smirnov test were used to compute the significance of the comparison between the frequency distribution at both sites by sex.
The maturity stage of females was evaluated based on the colour and size of the gonad according to a previously described macroscopic scale (stage I, gonad is transparent; stage II, gonad is beige-cream; stage III, gonad is clear-green; stage IV, gonad is dark green; Arculeo et al., 1992; De Ranieri et al., 1998; Sobrino et al., 2005; Bianchini et al., 2010) , although recently both micro-and macroscopic stage assignments were updated (ICES WKMSC, 2010) . The size at first maturity (CL 50% , CL at which 50% of the specimens in the population are mature, i.e., in stages III and IV) was estimated using specimens collected during the spawning period. A logistic curve was fitted using the least-squares method applied to a nonlinear fit (King, 1995) . The overall sex ratio ((female/females + males) × 100) and the sex ratios by CL (2 mm) were also determined.
RESULTS
A total of 11 620 specimens of Parapenaeus longirostris were examined from Terrasini and 12 852 from Porticello. The CL of females and males in Terrasini ranged from 9 to 32 mm (average 25.87 ± 3.58 mm) and 13 to 26 mm (average 22.28 ± 2.13 mm), respectively, whereas in Porticello it ranged from 8 to 31 mm (average 24.65 ± 3.93 mm) and 13 to 26 mm (21.29 ± 2.67 mm), respectively ( fig. 2) .
The seasonal length-frequency distributions in both sexes and sampling sites did not differ significantly (Mann-Whitney U -test, U = 471, Z = 0.1267, p 0.05; The relationship between size and weight in each sex showed negative allometry, giving b values significantly less than 3, with a general tendency to be more pronounced in males than females (table I) .
The modal components analysis (Bhattacharya's method on pooled LFD by sex and fishing ground) resulted in three for females and two for males in both sampling sites (table II) .
The estimated VBGF parameters for Terrasini females and males were: CL ∞ = 38.5 mm, K = 0.65 year −1 and CL ∞ = 32.5 mm, K = 0.85 year −1 , respectively. For Porticello females and males, the parameters were CL ∞ = 40 mm, K = 0.60 Macroscopic ovarian maturity indicated that specimens at stage I could be found throughout the year in both fishing areas, but were found in greatest abundance during the months of September (31.3%) and July (27.4%) in Porticello compared to August (33.3%) and December (35.2%) in Terrasini (figs. 4 and 5). The lowest number of Stage 1 specimens was observed in February with 6% and 4.5% in Porticello and Terrasini, respectively. Stages II and III were present throughout the year and followed similar trends in both fleets. Stage IV specimens, corresponding to the spawning phase, were also observed throughout the year, with pronounced peaks in February (35.7%) and August (34.8%) in Porticello, while the lowest numbers were observed in November (8.6%) and January (15.3%). In the samples from Terrasini, higher frequencies of stage IV were recorded in February (47.1%), September (35.5%) and June (35.2%), while lower frequencies were observed in November (5.1%) and January (15.3%). The size of females at the first maturity (CL 50% ) was 26.6 and 27.8 mm CL for Porticello and Terrasini, respectively, based on the logistic model ( fig. 6 ). This value corresponds to about 1.9-2.0 years of age according to the previously estimated VBGF on a total fishable lifespan of three years. The overall sex ratio was 0.60 and 0.49 in Porticello and Terrasini, respectively. The sex ratio by size ( fig. 7) shows as the percentage of the females increasing constantly from a size of 25 mm reaching the 100% in both areas. . Males were smaller than females, and specimens with small dimensions were mainly captured in autumn and winter. A comparison of the distribution of sizes indicates that Porticello fleets frequently caught smaller specimens compared to Terrasini fleets, likely reflecting the Castellammare shelf closure, the slightly slower growth rate in Porticello, as well as the higher fishing exploitation in the fishing ground there due to the greater fishing capacity. The LFD modes of the Terrasini fishing ground were almost identical to those previously reported by Arculeo et al. (1988) in the same area (Gulf of Castellammare). Due to a lack of information, results were only compared with Terrasini and not with Porticello. Our results in the Terrasini fishing ground are quite astonishing, not least because during the last 25 years the mesh size of the cod end progressively increased, reaching 40 mm diamond during the sampling period and 50 mm diamond and 40 mm square mesh in 2010 (Council Regulation EC No. 1967 /2006 ; in any case, it seems that the quite unenforced fishing activities during the last 25 years, have only been able to ensure the reduction of fishing recruits and juveniles, with limited buffer capabilities and a clear strong reduction of the older components. The largest sizes observed for both sexes were slightly lower than those previously reported by De Ranieri et al. (1988) , Auteri et al. (1988) , Carbonara et al. (1998) and Levi et al. (1995) from the south Tyrrhenian Sea, in the Strait of Sicily and the Sea of Marmara (Tosunoglu et al., 2008) . Conversely, both males and females in the current study were larger in size than those of the Aegean Sea (Tosunoglu et al., 2008) . However, sizes were consistent with those reported by Kapiris et al. (2007) from the Greek Ionian Sea. These differences, in general, may be the result of a different overall productivity among the basins, the size of the mesh of net used, the average depth in which specimens were captured and, of course, the state of exploitation of the resource.
VBGF values compared to those reported from other parts of the Mediterranean Sea were similar to those observed from the Ionian Sea (Greek coasts) and the Strait of Sicily, whereas they were slightly different from those of the other part of the Mediterranean Sea (see table III for values and references). However, these values indicate that P. longirostris is a fast-growing species, with a fishable lifespan of two years for males and three years for females. Moreover, data from Terrasini are consistent with those previously reported by Arculeo et al. (1988) from the same area. The comparison of all these values is difficult to interpret because a greater number of data and, above all, a common standardisation of analysis are necessary to hazard a reasonable conclusion or hypothesis. It seems, however, that the western region of the Mediterranean shows higher values than the eastern region, while values from the central Mediterranean (Sicily Channel and Southern Tyrrhenian Sea) are intermediate. In particular, the Sicily Channel corresponds to the narrow, relatively shallow gateway connecting the large western and eastern Mediterranean basins, playing an important role in the physical and dynamic processes evolving in the entire Mediterranean (Lermusiaux & Robinson, 2001; Garcia Lafuente et al., 2005; Mejri et al., 2011) . If we consider the Mediterranean Sea as a basin in which the western sector differs from the eastern one due to environmental factors (salinity, temperature, productivity and currents, etc.), such factors may influence growth parameters and the consistency of the stock. Of course, we cannot exclude the direct and different effect of the fishing fleet.
Length-frequency analysis indicated three possible age classes in Terrasini and Porticello for females and two possible age classes for males. Although the values of these modes were slightly different, they were reasonably comparable. Data obtained for males and females are consistent with those reported by Kapiris (2007) The parameters of the size-weight relationship estimated in this study suggest a negative allometry for both sexes and are similar to those calculated by other authors in the Mediterranean (Levi et al., 1995) and in the Atlantic (RibeiroCascalho & Arrobas, 1987; Sobrino & García, 1994; Sobrino et al., 2005) . Analysis of the maturity stages indicates that P. longirostris is an asynchronous batch spawner, in which all stages of maturity can be found each month and that all types of oocytes are present in the mature ovary. These observations are in agreement with the data reported by Bianchini et al. (2010) in the Strait of Sicily. Specimens with mature gonads (stage IV) reach two massive spawning peaks, the first one occurring in late winter (February) and the other one during summer (August-September), in which older individuals spawn together with those that are spawning for the first time. These results are partially in agreement with previous observations reported by Arculeo et al. (1992) from the same area, Spedicato et al. (1996) from the Southern Tyrrhenian Sea, De Ranieri et al. (1998) , Mori et al. (2000) from the Northern Tyrrhenian and Guijarro et al. (2009) from the Balearic Islands. Conversely, data from the current study show a discrepancy with findings previously reported by Levi et al. (1995) from the Strait of Sicily, Ardizzone et al. (1990) from Central Tyrrhenian and Meriem et al. (2001) from Tunisian waters. Additional differences from our spawning period were also reported by Tom et al. (1988) Sobrino & García (1994) from the waters off Morocco, they found two main spawning peaks; the first one in summer and the other one in autumn/winter. These similar spawning peaks may be correlated with the habits of fishing fleets with regards to the seasons and depth at which they operate. In fact, according to Sobrino & Garcia (2007 and references therein) , Tom et al. (1988) and Benchoucha et al. (2008) , in the Atlantic Ocean the reproductive behaviour of P. longirostris is strongly related to its bathymetric distribution. Specifically, mature females are typically found at greater depths than juvenile females, since temperature and salinity play an important role in ovarian maturation. These events in the areas studied can fluctuate throughout the years as a function of oceanographic conditions. Moreover, according to Arculeo et al. (1995) and Mura & Cau (1989) , a dissimilarity in the reproductive behaviour of P. longirostris from different parts of the Mediterranean should not be ruled out and should confirm a strict correlation between the maturation of the gonad and the seasonal flux of solar energy; this could be seen as a general adaptive flexibility of the Mediterranean benthos, reflecting the astonishing diversity of the Mediterranean systems (Margalef, 1985) .
With regards to the value of size at first maturity in both areas studied, they were very similar and in agreement with those reported by Ribeiro-Cascalho & Arrobas (1987) off southern Portugal, Sobrino & García (1994) from Moroccan Atlantic waters, Garcia-Rodriguez et al. (2009) from the Gulf of Alicante and Gujarro et al. (2009) from the Balearic Islands. Conversely, sizes differed from those previously reported by Crosnier et al. (1970) from the waters off Congo (22 mm), Sobrino & Cardenas (1996) from the waters off Angola (21.6 mm) and De Ranieri et al. (1998) from Mediterranean waters (21.5 mm CL). These differences may be attributed to differences in contribution of small-sized individuals to the samples obtained in the various areas studied. In any case, maturation of females takes place from the start of the second year of life.
A comparison of the sex ratio by size between the two fishing grounds highlights the more exploited stock of Terrasini, with a considerably lower percentage of females between 20 and 24 mm CL; although the fishing capacity of Terrasini is lower than that of Porticello, its less extended fishing grounds and the higher mean gross tonnage of its trawlers seem not to be able to ensure a long-term sustainability.
In conclusion, given the differences found by various authors and considering that the biology and distribution of this species is influenced by environmental parameters, such as temperature, a system to standardise the procedures for collecting and analysing data is needed.
